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The Chlorinated Solvent 

Challenge – Thousands of Sites

• 126,000 sites have residual contamination 
preventing them from achieving closure

• 10% complex which means complete restoration 
not likely to be achieved in next 50 to 100 years.

• Estimated cost to complete $110 to $127 billion

• Doesn’t include sites that likely exist but haven’t 
been identified e.g. dry cleaners, chemical 
intensive manufacturing facilities.
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Why Have We Not Been More 

Successful?

• Poorly design and misapplied technologies.

• Poor understanding of what technologies can and will do.

• Misunderstanding the extent and/or distribution of chlorinated solvents 

in source zones and the technical limits regarding how accurately or 

completely a source zone can be characterized.

• Poor uncertainties inherent in remedial system design and failure to 

learn from system performance monitoring data to optimize the 

cleanup approach.

• Further more, poor design, poor application and poor post-application 

monitoring at typical sites makes determination of best practicably 

achievable performance impossible.
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Can it Get Any Worse?
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Short-Term TCE Exposure

• Reopening Closed Sites
• Closing Schools
• Evacuating Homes
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Region 9 Interim TCE Indoor Air Response Action Levels

Exposure Scenario
Accelerated Response 

(HQ=1)
Urgent Response 

(HQ=3)

Residential 2 µg/m3 6 µg/m3

Commercial / Industrial
(8 hour workday) 8 µg/m3 24 µg/m3

Commercial / Industrial
(10 hour workday) 7 µg/m3 21 µg/m3

Indoor air exposures corresponding to the Accelerated response action levels would pose long-term residential and 
commercial/industrial exposure cancer risks near the lower end of the Superfund target cancer risk range.  HI=1 
level truncates Superfund protective exposure range to close to the lower end of the traditional target cancer risk 
range.

US EPA  
Action Levels & Response Recommendations
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EPA Region 9 

Recommended Tiered 

Response Actions 
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So Where Do We Go From Here
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Best Practices

• Site Characterization

• Remedial Technology Selection to 

Meet Remedial Action Goals

• Design and Field Implementation

“ A method or technique that has 

consistently shown results superior to those 

achieved with other means, and that is 

used as a benchmark”
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Moving On From Monitoring Wells

Monitoring Wells (MWs) yield depth-integrated, flow-weighted averaged 

data, with no vertical distribution of contaminants in the screened 

interval and do not define the small scale heterogeneities controlling 

contaminant transport.
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High Resolution Site 

Characterization

Providing the Whole Picture 

– Lithology: Electrical 

Conductivity (EC)

– VOC Mass: Membrane 

Interface Probe (MIP)

– Hydraulic Conductivity: 

Hydraulic Profiling Tool 

(HPT)
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High Res Characterization 

Technologies - MiHPT
Can reduce 
remediation 
footprint  and cost 
but more 
importantly 
increases 
probability of 
success with a 
more targeted
remediation 
design.

Red = PID and HPT Dissipation Testing
Yellow = ECD
Light Blue = XSD and K
Black = Electrical conductivity
Green = Down Hole Pressure
Blue = Down Hole Flow



3D Imaged 
Remediation 
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High Resolution Transects

• Typically mass discharge occurs  over a small fraction 
of the total cross sectional area of the plume,
suggesting that remediation can be targeted more 
effectively if high resolution sampling is conducted 
along one or more transects.

• Transects downgradient from the source can reveal 
locations within the source contributing  the most to 
overall discharge or identify sources not found by soil 
borings or conventional monitoring wells. 



High Resolution 
Investigation at a 
manufacturing plant

• MIP
• WatelooAPS

• DPT Soil Coring

• On Site 
Laboratory

Transect F

Measuring Mass Flux  Across 
Transect 

NGWA – “High 
Resolution Site 
Characterization 
Supporting 
Focused 
Combined 
Remedies,”  , Seth 
Pitkin, 5.23.14



TVOC Concentration (ug/L)

Hydraulic Conductivity (cm/sec)



TVOC Concentration (ug/L)

TVOC Concentration ug/l



Mass Flux (ug/sec/cm2)
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Best Practices
• Site Characterization

• Remedial Technology Selection 

to Meet Remedial Action Goals

• Design and Field Implementation

“ A method or technique that has 

consistently shown results superior to those 

achieved with other means, and that is 

used as a benchmark”
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How Technology Maps To Extent of 

Solvent Contamination

High                Concentration Low
Note:  Sample composed of silty sand impacted with coal tar.

NAPL pools      Mobile NAPL         Ganglia         Droplets           Adsorbed/dissolved                              Trace 

Thermal (ECH, ERH,  Steam)

ISCO/ISCR/ISCR-Bio

MNA

Bioremediation
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Understand the Capabilities of 

Technologies Site Conditions

Figure 20– ISB Effectiveness in 14 Compartment Model

Figure 22- Dhc degradation rate (PCE) versus pH
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Combined Abiotic/Biotic Results
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Combined Remedies

ZVI barrier

Bioremediation

Thermal source 

zone treatment
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Best Practices
• Site Characterization

• Remedial Technology Selection to 

Meet Remedial Action Goals

• Design and Field Implementation

“ A method or technique that has 

consistently shown results superior to those 

achieved with other means, and that is 

used as a benchmark”
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Radius Of Influence – So 

Misunderstood

• Injection point spacing 
rules of thumb for sands 
to clays?

• Distance where chemistry 
or reaction products 
shows up in MWs?

• Dependent on:
– Chemistry dilution and 

volumes? Yes

– Chemistry persistence? 
Yes

– Seepage velocity and 
residence time? Yes



ROI Conundrums 

• Low Seepage 

Velocity versus 

High Pore Volume 

For Contact

• High Seepage 

Velocity Resulting 

in Low Residence 

Time



Advection ROI

Additional ROI 

From Seepage 

Velocity

0.5 foot/day

Time Frame  

To Achieve 

ROIT

8 feet 16 Days

ROI

11.5 feet

3.5 feet + 8 feet = 11.5 feet  in 16 Days  

Distribution ROI

20%

Injection 
Volume 
as a % 
Pore 

Volume

3.5 feet

Pore 
Volume 

ROI  

1675 
gals

Injection 
Volume 

Per 
Location

23 ft

15’  Homogeneous 

Sand

+

Radius Of Influence Conceptual 

Model

=

Reagent Persistence  Vs  ROIT

60 Days (Persulfate)  > 16 Days
Increase  ROI and/or Lower Volume and  Increase Concentration 

to Increase Residence Time

Reagent Kinetics Vs ROIT

30 Days (Persulfate)   > 16 Days
Groundwater Recirculation to Increase Residence Time
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Design Considerations For DNAPL, 

Sorbed Mass / Matrix Back Diffusion

Not Readily Available for Treatment Until They Transition 
to Dissolved Phase 
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“To Frack or Not to Frack”
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“To Frack or Not to Frack”

• Inject liquids into tight zones?

• Inject solids into any zone?

– Need to open pathways for solids to 

flow through.

• Inject liquids into transmissive 

zones?
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What Does A Fracture Look 

Like
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DPT Best Practices For 

Maintaining Consistent Pressures  

• Injection with inner-hose to 

maintain pressure on the 

injection tooling to avoid 

plugging and inadvertent 

fracturing as tools are 

advanced or retracted

• Use pressure relief on 

pumps to avoid flow rate 

spikes
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Design Optimization Testing –

Distribution of Caustic Persulfate
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White Paper
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